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Background: Allergic rhinitis (AR) is the most common chronic allergic disease in school-age children. An increased prevalence of attention deficit hyperactivity disorder (ADHD) in AR patients has been reported; however, inattention and hyperactivity in AR children have not been investigated using objective and scientific measurements. Methods: We used AR symptom score, ADHD symptom scale, and computerized continuous performance test (CPT) to study the attention and impulsivity in AR children, agematched controls, and ADHD children (aged 6e15 years). Univariate and multivariate linear regression analyses were applied to identify risk factors for impulsivity and inattention in AR children.
Results: Twenty-nine controls, 10 ADHD, and 105 AR children were enrolled. There were no differences in age and sex among the three groups. The scores of Hyperactivity/Impulsivity subscales of ADHD symptoms from both parents and teachers were significantly higher in the AR children. The CPT in AR children revealed higher commission errors, shorter reaction times, and more perseveration. Risk factors for inattention and impulsivity in AR children included younger age, male sex, higher AR symptom scores, persistent AR, moderate/severe AR, multiple atopic diseases, family history of atopy, and possible comorbidity with ADHD.
Introduction
Allergic rhinitis (AR) is clinically defined as a symptomatic disorder of the nose induced after exposure to allergens by an immunoglobulin E (IgE)-mediated inflammation. 1 AR is the most common chronic allergic disease in school-age children. 2, 3 The self-reported prevalence rates of the symptoms of ever having had rhinitis and current rhinitis were 53.5% and 43.6%, respectively, in 13-to 14-year-old children in Taipei during the phase 3 survey of The International Study of Asthma and Allergies in Childhood between December 2001 and January 2002. 4 Compared with the Phase 1 survey in 1994, the prevalence of rhinitis symptoms in the past 12 months increased by 1.5-fold. 4 AR is clinically diagnosed and its symptoms are rhinorrhea, nasal obstruction, itching, and sneezing. AR is subdivided into intermittent or persistent disease according to the duration of active symptoms, and the severity of AR can be classified as mild or moderate/severe according to the level of disturbance of the daily activities. 5 Various authors have also proposed symptom severity scales [e.g., Total Nasal Symptom Score (TNSS)].
6e8 Objective tests for IgEmediated allergy are the skin prick test and serumspecific IgE [e.g., multiple-antigen simultaneous test (MAST) and Phadiatop]. 1, 9 Attention deficit hyperactivity disorder (ADHD) is characterized by developmentally inappropriate symptoms of inattention, hyperactivity, and impulsivity apparent before the age of 7 [Diagnostic and statistical manual of mental disorders IV edition text revision (DSM-IV-TR)]. 10 Although many individuals present with symptoms of both inattention and hyperactivityeimpulsivity (the combined type), there are individuals in whom one or the other pattern is predominant: that is, the predominantly inattentive type and the predominantly hyperactiveeimpulsive type. The diagnosis and classification of ADHD totally depend on clinical observations of their behavior. Both the Chinese version and the original English version of the Swanson, Nolan, and Pelham, version IV (SNAP-IV) Rating Scale (RS) are reliable and valid instruments to rate ADHD-related symptoms. 11 In addition, ADHD is associated with a high risk of comorbidities, including oppositional defiant disorder or conduct disorder, affective/anxiety disorders, learning disorders, Tourette's disorder, and obsessivecompulsive disorder. 12, 13 In addition to physical complications, mental complications such as sleep disturbance, poor school performance, and hyperactivity have also been reported in AR children related to their nasal allergies. 14 Brawley et al reported that 10 of 23 (43%) ADHD children had typical physical signs of AR. 15 An increased prevalence and odds ratio (OR) of ADHD in AR patients were also noted in a study using the National Health Insurance Research Database (NHIRD) in Taiwan. 16 However, inattention and hyperactivity in AR children are yet to be investigated using objective and scientific measurements.
The aim of this study was to investigate whether attention and impulsivity control in AR children differed from a control group, and, if differences did exist, whether clinical parameters were able to predict these differences in AR children.
Methods

Study participants
Children aged 6e14 years (Grades 1e8) with two or more of the symptoms of watery rhinorrhea, sneezing, nasal obstruction, nasal pruritus for more than 1 hour on most days were enrolled as possible AR patients in accordance with the Allergic Rhinitis and its Impact on Asthma (ARIA) 2008 guidelines. 1 After enrollment, blood sampling for serum-specific IgE (MAST or Phadiatop tests) was performed, and the patients with increased serum-specific IgE levels were considered as AR patients for this study. The AR patients were further classified as intermittentmild, intermittent-moderate/severe, persistent-mild, and persistent-moderate/severe groups according to the ARIA 2008 guidelines. 1 The AR therapy such as antihistamines and corticosteroids can influence cognition and performance, 17, 18 and therefore, we only enrolled AR children who were not taking any medication. Considering both the overview of the general AR children and excluding the confounding effect of the comorbidity with ADHD (cADHD), we further separated the pure AR children, that is, those without the possible comorbidity of ADHD, from the total AR group to compare their inattention and impulsivity scores with the control and pure ADHD groups. Agematched children without AR or ADHD were enrolled as the control group. Because the focus of this study was inattention and impulsivity, we also enrolled age-matched pure ADHD children, defined as those fulfilling the DSM-IV diagnostic criteria of ADHD but without AR. Children with mental retardation, developmental delay, or epilepsy were excluded from this study. This study was approved by the Research Ethics Review Committee of Far Eastern Memorial Hospital, and the participants and their parents signed informed consent forms before assessment.
AR symptom scores
The AR symptom scores reflect disease severity. Many studies have used AR symptom scores as enrollment criteria or outcome measures, 6, 8, 19, 20 of which the TNSS and Total Five Symptom Score (T5SS) were the most common. The TNSS records sneezing, rhinorrhea, nasal itching, and nasal congestion, 19, 20 and the T5SS records the same four symptoms plus eye itching. 6 All symptoms were graded on a 4-point scale using the following system: 0 Z none, 1 Z mild (symptoms that were present but not particularly bothersome), 2 Z moderate (symptoms that were bothersome but did not interfere with daily activities), and 3 Z severe (symptoms that were bothersome and interfered with daily activities or disturbed sleep). The scores were summed to give the TNSS and T5SS.
SNAP-IV scale
The SNAP-IV scale is a 26-item questionnaire in a 4-point Likert scale that is used to evaluate ADHD symptoms and severity, and it is completed by parents and teachers. 21 The SNAP-IV scale consists of Inattention (IA), Hyperactivity/ Impulsivity (HI), and Oppositional subscales. The 26 items include 18 for ADHD symptoms (9 for the IA subscale and 9 for the HI subscale) and eight for oppositional defiant disorder symptoms as defined in the DSM-IV. Each item was scored on a 0e3 scale similar to the ADHD-RS (0 Z not at all, 1 Z just a little, 2 Z quite a bit, and 3 Z very much). The Chinese version of the SNAP-IV has been reported to have satisfactory levels of reliability and concurrent validity. 22 
Continuous performance test
The continuous performance test (CPT) was developed by Rosvold et al in 1956 23 and is one the most widely used neuropsychological tests in patients with ADHD. The computerized CPT (Conners' CPT II; MULTI-HEALTH SYS-TEMS INC., North Tonawanda, NY, USA) presents target and nontarget stimuli. 24 The test lasts for 14 minutes and primarily assesses attention and impulse control. In brief, the participants were required to respond to the stimuli on a computer screen by pressing the space bar for every letter except for the letter "X". Multiple dependent measures existed, including omissions, commissions, hit reaction time (RT), variability of standard error, and detectability (d 0 ). The confidence index (percentile) combined all of the CPT data to provide a likelihood out of 100 that a significant attention problem existed. In terms of the reliability of the Conners' CPT II, the split-half reliability has been reported to be 0.66e0.95. 24 
Statistical analysis
One-way analysis of variance was used to analyze ages, AR symptom scores (TNSS and T5SS), ADHD scale scores (SNAP-IV and DSM-IV), and CPT scores among the control, AR, and ADHD groups. The ADHD scale scores and CPT scores between the different groups were further compared by twosample t tests. The Chi-square test was used to compare sex distribution between the groups. Univariate linear regression analysis was used to investigate the association of inattention and impulsivity (statistically significant variables from SNAP-IV, DSM-IV, and CPT) with possible explanatory parameters (age, male sex, TNSS, T5SS, persistent AR, severe/moderate AR, multiple atopic diseases, family history of atopy (FH), possible cADHD) in the total AR group. "Possible cADHD" in the AR children was defined as AR children fulfilling the DSM-IV diagnostic All data are presented as mean AE standard deviation. ADHD Z attention deficit hyperactivity disorder; AR Z allergic rhinitis; DSM-IV-TR Z Diagnostic and Statistical Manual of Mental Disorders IV edition text revision; HI Z Hyperactivity/Impulsivity subscale; IA Z Inattention subscale; SNAP-IV Z Swanson, Nolan, and Pelham, version IV Rating Scale. * p < 0.05; ** p < 0.01; *** p < 0.001, compared with the control group (two-sample t test). yyy p < 0.001; yy p < 0.01, compared the AR groups with the pure ADHD group (two-sample t test).
criteria of ADHD. Multivariate linear regression analysis of the significant explanatory parameters was then performed to build a model to predict inattention and impulsivity in AR children. All data were analyzed using IBM SPSS Statistics version 19.0 (IBM Inc., Somers, NY, USA). All tests were twotailed and a p value less than 0.05 was considered statistically significant.
Results
Epidemiology data and AR symptom scores
Twenty-nine controls, 10 pure ADHD, and 105 AR children were enrolled in this study (Table 1 ). There were no differences in age or sex distribution among the groups. The AR symptom scores (TNSS and T5SS) were significantly higher in the AR group (both p < 0.001). The higher AR symptom scores corroborated the rhinitis features of the AR group. There were no differences in TNSS and T5SS between the control group and pure ADHD group.
SNAP-IV and DSM-IV-TR scores
Among the 105 AR children, 12 (11.4%) fulfilled the DSM-IV-TR diagnostic criteria of ADHD, and the remaining 93 (88.6%) were assigned as the pure AR group. Responses to questionnaires collected from the parents and teachers showed significant differences in IA and HI subscales among the control, total AR, and pure ADHD groups (Table 2) . Compared with the control group, both the AR and ADHD groups showed significantly increased scores of IA and HI subscales from both the parents and teachers. There were no differences in the scores of HI subscales between the AR and ADHD groups; however, the ADHD group had significantly higher scores in the IA subscales than the AR group. Excluding the possible comorbidity of ADHD, the pure AR group still had significantly higher scores of all IA and HI subscales, except for the IA subscale of SNAP-IV as reported by the teachers, than the control group.
CPT
In the CPT, there were significant differences in commission errors (responses to nontargets, i.e., X's) and marginal differences in hit RT among the control, total AR, and pure ADHD groups (Table 3) . Compared with the control group, the AR group had significant increases in commission errors and perseverations, whereas the pure ADHD group had significant increases in hit RT standard error and variability, and marginal increases in commission errors and detectability. Compared with the AR and ADHD groups, the AR group had significantly shorter hit RT and marginal decreases in hit RT standard error.
Risk factors for inattention and impulsivity in the AR children
Because the AR children showed higher inattention and impulsivity than the control group, we further investigated possible risk factors to predict the inattention and impulsivity in the AR children. The significant impulsivity parameters (HI subscales of SNAP-IV and DSM-IV-TR from the parents and teachers, commissions, hit RT) and significant inattention parameters (IA subscales of SNAP-IV and DSM-IV-TR from the parents and teachers) were used as the dependent variables. The independent/explanatory variables (age, male sex, TNSS, T5SS, persistent AR, moderate/ severe AR, multiple atopic diseases, family history of atopy, and cADHD) were selected. Univariate/simple linear regression analysis revealed that the significant risk factors included age (for IA and HI subscales of SNAP-IV and DSM-IV-TR from the parents and hit RT), male sex (for IA subscales of SNAP-IV and DSM-IV-TR from the teachers and HI subscale of SNAP-IV from the teachers), TNSS/T5SS (for HI subscales of SNAP-IV and DSM-IV-TR from the parents), persistent AR (for HI subscales of SNAP-IV and DSM-IV-TR from the parents), moderate/severe AR (for commissions and hit RT), multiple atopic diseases (for IA subscale of SNAP-IV from the teachers), family history of atopy (for hit RT), and cADHD (for IA and HI subscales of SNAP-IV and DSM-IV-TR from the parents and teachers and hit RT) ( Table 4) .
The hit RT and HI subscale of SNAP-IV and DSM-IV-TR from the parents had the largest numbers of significant independent variables among all dependent variables. Both had five significant independent variables. We took the HI subscale of SNAP-IV from the parents and hit RT as the dependent variables for further multivariate linear regression analysis (Table 5) . A four-parameter linear regression model was obtained for the HI subscale of SNAP-IV from the parents: HI subscale Z 13.616 À 0.927 Â age þ 7.693 Â cADHD þ 3.065 Â persistent AR þ 0.379 Â TNSS (R 2 Z 0.351, p < 0.001). According to standardized b, cADHD had the largest effect for the HI subscale of SNAP-IV from the parents, followed by age, persistent AR, and TNSS, in that order. cADHD, persistent AR, and TNSS were positively correlated with HI subscale, whereas age was negatively correlated. A three-parameter linear regression model was obtained for hit RT: hit RT Z 73.613 À 2.432 Â age À 15.118 Â moderate AR À 8.288 Â positive FH (R 2 Z 0.161, p Z 0.003). According to standardized b, moderate/severe AR had the largest effect for hit RT, followed by age and family history of atopy, in that order. Moderate/severe AR, age, and family history of atopy were all negatively correlated with hit RT.
Discussion
Previous studies have focused on the epidemiological associations between ADHD and AR. 15, 16 Brawley et al investigated 30 ADHD children and reported that 80% had AR symptoms, 43% had typical physical signs of AR, and 61% had positive prick skin test results. Chou et al analyzed 469 ADHD cases from the NHIRD in Taiwan and reported an increased rate of AR in ADHD patients compared with the general population (OR Z 1.83; 95% confidence interval Z 1.48e2.27; p < 0.001). 25 Shyu et al also analyzed the NHIRD and reported that allergic children (including those with AR, bronchial asthma, atopic dermatitis) had a higher prevalence rate of ADHD than the general population (0.9% vs. 0.5%, p < 0.001). 26 In addition, children with AR and bronchial asthma but not atopic dermatitis had a higher risk of being associated with ADHD, and the main contributing factor was AR. 26 Tsai et al further investigated AR children from the same database and reported that AR children also had a higher prevalence of ADHD than the general population (1.0% vs. 0.5%, p < 0.001). 16 The main limitations of these three studies using the NHIRD were (1) proper and correct diagnosis coding could not be guaranteed from an electronic database; (2) the association between the severity of the symptoms of the allergic diseases and ADHD was not discussed; and (3) the association of ADHD symptoms with allergic diseases was not investigated.
The current study first investigated the severity of inattention and impulsivity in AR children after a correct diagnosis and then recorded their symptom scoring of AR and ADHD.
The results demonstrated that AR children had higher ADHD symptom scores (SNAP-IV and DSM-IV-TR; Table 2 ) and commission errors (CPT ; Table 3 ) than the control children. After excluding those with the possible comorbidity of ADHD and excluding the interference by AR therapy, the untreated pure AR children still showed higher inattention and impulsivity than the control group in the symptomscoring questionnaires (SNAP-IV and DSM-IV-TR; Table 2 ) and computerized test (CPT ; Table 3 ). Furthermore, we suggest that impulsivity was a more significant issue than inattention in the AR children based on three findings. First, the differences in impulsivity scores between the AR and control children were more significant than inattention scoring (p < 0.01 in the HI subscale vs. p < 0.05 in the IA Only independent variables with p < 0.2 are listed. ADHD Z attention deficit hyperactivity disorder; AR Z allergic rhinitis; cADHD Z possible comorbidity with ADHD, possible comorbidity with ADHD; DSM-IV Z Diagnostic and Statistical Manual of Mental Disorders IV edition; FH Z family history of atopy; HI Z Hyperactivity/Impulsivity subscale; IA Z Inattention subscale; moderate AR Z moderate/severe AR; RT Z reaction time; SNAP-IV Z Swanson, Nolan, and Pelham, version IV Rating Scale; T5SS Z Total Five Symptom Score; TNSS Z Total Nasal Symptom Score.
subscale of SNAP-IV from the parents; Table 2 ). Second, the impulsivity scoring of the AR children showed no difference to the pure ADHD children. Third, the AR children showed increased commission errors and shorter RT in the CPT than the control children ( Table 3 ). The response pattern of a faster RT but more commission errors is usually associated with an impulsive style. 24 Impulsivity in atopic patients was corroborated by Runeson et al's finding that asthma was associated with higher impulsiveness scores. 27 After univariate linear regression analysis to identify the variables that may be responsible for the impulsivity and inattention in the AR children (Table 4) , the significant independent variables included age, male sex, AR symptom scores and persistence, moderate/severe AR, and family history of atopy, possible cADHD, and multiple atopic diseases. For age, the ORs for ADHD in AR and allergic children have been reported to be highest between 6 and 11 years of age, and decreasing thereafter. 16, 26 Likewise in our study, age had a negative effect on IA and HI subscales from the parents. With increasing age, the severities of impulsivity and inattention decreased. In addition, hit RT (expressed as percentile of the general population) of the AR children decreased as their age increased. With regard to sex, boys with ADHD have been reported to be more likely to be impulsive than girls, 22, 28 and AR boys have been reported to have a higher risk of ADHD than girls. 16 In the current study, the AR boys also had higher scores in the HI subscale of SNAP-IV from the teachers. In addition, male sex also had a positive effect on the IA subscales from the teachers, and was a risk factor for inattention and impulsivity. With regard to AR symptom scores and persistence, the TNSS/T5SS and persistent AR had positive effects on the HI subscales from the parents. That is, children with higher symptom scores of AR or persistent AR had a higher risk of impulsivity. Persistent AR was also correlated with a shorter RT, which is also an indicator of impulsivity. Both moderate/ severe AR (disturbing daily activities or sleep) and a family history of atopy had a negative impact on hit RT. Moderate/ severe AR also had a positive effect on commission errors. Therefore, moderate/severe AR and a family history of atopy were risk factors for impulsivity. Possible cADHD, not surprisingly, strongly predicted higher scores of IA and HI subscales in the AR children. cADHD was also positively correlated with hit RT. That is, the AR children with cADHD had a longer hit RT more like the performance of the pure ADHD children in the CPT (Table 3) . Multiple atopic diseases predicted higher scores in the IA subscale of SNAP-IV from the teachers.
Although we generated a multivariate linear regression model for the HI subscale of SNAP-IV from the parents and hit RT in Table 5 , interpretation of hit RT related to impulsivity and inattention should be done with caution. Atypically fast RT when combined with an unusually large percentage of commission errors may indicate impulsivity, whereas very slow RT coupled with a large percentage of omissions and/or commissions can indicate inattentiveness. 24 Identifying a child's performance on the CPT as an impulsive style or inattentive style need to take into consideration hit RT, commission errors, omission errors, perseveration, and detectability as a whole.
In conclusion, this is the first study to investigate the correlation between AR severity and ADHD symptom scoring in children. The AR children scored higher in ADHD symptom questionnaire and made more commission errors in the CPT than the control children. Eliminating the possible comorbidity between AR and ADHD and excluding interference by AR therapy, the untreated pure AR children still showed higher impulsivity and inattention than the control children. Impulsivity was a greater problem than inattention in the AR children. Potential risk factors for impulsivity and inattention in the AR children were younger age, male sex, higher AR symptom scores, persistent AR, moderate/severe AR, multiple atopic diseases, family history of atopy, and possible cADHD. Pediatricians caring for AR children should not only treat their allergy but also the possible comorbid impulsivity and inattention, especially in AR children with potential risk factors. In addition, in children with impulsivity and inattention, allergic diseases, and especially AR, should be considered in addition to ADHD.
